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CHEMICAL WEED KILLERS 
RELATIVE TOXICITY VARIOUS CHEMICALS FOUR ANNUAL 


Abstract 


Toxicity tests four annual weeds, Thlaspi arvense L.; Brassica arvensis 
Ktze.; Chenopodium album L.; and Avena fatua L.; showed definite evidence 
ofa specific susceptibility given species given substance. The relative 
resistance these four weeds most judging from the certainl 
lethal dose, was the chemicals tested, the fol- 
lowing most toxic compounds kilied all four species the dosages employed; 
selenic and chloric acids, sodium hydroxide, arsenic pentoxide, sodium arsenite, 
sodium and ammonium chlorate, ammonium thiocyanate, sodium cyanide, zinc 
chloride, sodium bichromate, sodium selenite, copper nitrate, sodium sulphide, 
formic acid, gasoline, phenol, creosote, tetralin, sodium benzoate, aniline, ben- 
zene and furfural. The residual toxic effect the soil, three four weeks after 
treatment, showed that the more toxic chemicals tested, only selenic acid 
and the five chlorates used had any appreciable effect low and intermediate 
dosages, while eleven other substances depressed growth following the application 
high dosages. 


Introduction 

This investigation was undertaken determine the relative toxicity 
number selected chemicals four annual weeds. Similar experimental 
conditions and methods, and the same criterion toxicity, were used through- 
out. reviewing the literature (4) became evident that, although great 
many experiments had been made the toxicity chemicals plants, 
the comparable data were few that was impossible estimate the relative 
toxicity different substances. The variable results reported different 
investigators are doubtless due partly the different species used, and the 
various growth conditions under which the determinations were made. How- 
ever, much the variability can attributed the methods application 
and the criteria efficacy employed different workers. 

Annual weeds were used these experiments, they grow rapidly from 
seed and also permit the efficacy the treatment estimated from the 
condition the leaves and stems. Mortality was selected the criterion 
the efficacy the treatment, since the one generally used analogous 
studies, and more known about the relation between dosage and mortality, 
than between dosage and the reduction weight growth rate, other 
physiological effects. The effect plant size may course important 
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under field conditions. Most the accurate work dosage-mortality 
relations has been done with animals, where the chemical can administered 
directly into the individual, where number individuals can subjected 
known concentration, fumigation closed spaces. Under these 
conditions the dosage-mortality curve usually sigmoid, representing 
integrated frequency curve descriptive the variable susceptibility appar- 
ently similar individuals population. Since these curves usually have 
their maximum slope the region 50% mortality, Trevan (6) has pointed 
out that the relative toxicity different substances can determined with 
the least error the dosages administered produce mortalities falling within 
the relatively linear portion the curve, between about and 75% 
mortality. More recently Bliss (1, has described methods for transforming 
the dosage-mortality curve straight line, thus permitting all the avail- 
able data used for estimating the toxic properties compound. 


When this investigation was begun 1930, was found that the data 
available the literature were wholly inadequate for estimating dosages 
that would produce mortalities between about and 75%. Furthermore, 
preliminary determinations the shape the dosage-mortality curve for 
some the chemicals tested indicated that several did not yield 
sigmoid curve. This might due decided asymmetry the distribution 
the susceptibilities the individuals; but the method experiment, 
particular the application the chemical spray rather than administration 
into the organism, seemed more likely explanation, since unknown propor- 
tion the spray drains the soil where may rendered ineffective. This 
phase the work will discussed greater detail later paper. 


These preliminary experiments led the use the certainly lethal dose 
(C.L.D.) index toxicity. The form some the dosage-mortality 
curves indicated that this quantity could determined about accurately 
the median lethal dose. any event, the chemicals under investigation 
varied widely toxicity that the C.L.D. permitted their initial classifi- 
cation. The number tests made was also reduced limiting the 
dosage range. Substances which did not produce useful mortality the 
highest dosage tried were considered useless herbicides, while those that 
were effective the lowest dosage merited further investigation. 


Materials and Methods 


The following weeds were used: stinkweed, Thlaspi arvense L.; wild mustard, 
Brassica arvensis (L.) Ktze.; lamb’s quarters, Chenopodium album L.; and 
wild oats, Avena fatua These species represent the four most troublesome 
annuals western Canada, and include some diversity leaf form, growth 
habit, and resistance chemicals. 

The plants were grown from seed planted directly the experimental 


crocks. Seeds excess the number required were sown, and 
later thinned out five plants per crock, excepting wild oats, which 
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plants per crock were used. The soil was composed two parts surface 
loam and one part sand; its moisture content was held the optimum for 
growth (taken half the moisture holding capacity). Other growth con- 
ditions were not controlled, but the mean daily temperature usually fell 
within the range 65° 70° F., and the relative humidity 45% 65%. During 
the autumn, winter and spring season, the natural period daylight was 
supplemented using 300 watt Mazda lamp over each sq. ft. bench 
space, from sunset until midnight. 

The period between seeding and treatment varied from three four weeks. 
attempt was made obtain plants the same stage development 
rather than the same age. three four weeks, the stinkweed was the 
rosette stage, in. high and had from leaves per plant; the wild 
mustard was in. tall, and had from leaves per plant; the lamb’s 
quarters was also from in. tall and had from 30-leaves per plant; 
and the wild oats was in. tall and was the 4-leaf stage. The 
crocks for given weed were seeded groups 60, using the same soil, seed, 
etc., and were all sprayed the same day. Ten crocks each group were 
used treated and untreated controls. The treated controls were sprayed 
with sulphuric acid sodium chlorate, the dosages used being the region 
the C.L.D. These sprayed controls revealed groups plants abnormally 
resistant susceptible chemical treatment. The untreated controls were 
used basis for computing, from the size and weight the plants, the 
efficacy treatments which did not give complete mortality. 


The different chemicals varied greatly their rate action the plants. 
Some produced 100% mortality within day two, while others had 
evident effect during several days, after which the mortality increased steadily 
with time. Obviously time limit had set the observations. the 
initial experiments, the mortality increased very slowly, all, after three 
four weeks, and this period was chosen the time limit. cannot 
said, however, that higher mortality would not have been observed had the 
plants treated with sub-lethal doses these chemicals been allowed remain 
under observation for longer time. 

Most the chemicals tested had already been used herbicides, but 
their relative toxicity had never been investigated under comparable con- 
ditions. Some were included because the literature indicated that they had 
toxic effect plants when used spray for controlling insects, fungi, etc. 
few substances related compounds known toxic were also included, 
well some substances low solubility water, and some relatively 
high volatility. All the chemicals sufficiently soluble water were sprayed 
10% solution, few substances lower solubility solution, and 
insoluble solids were applied dust. The liquid substances that were 
immiscible with water were usually applied directly. Where small doses 
undiluted liquids were applied, probable that their apparent toxicity 
was somewhat too low, since was impossible cover the plants adequately 
with such small volumes. 
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The substances were applied the following dosages:— 0.3, 0.5, 0.75, 
1.00, 1.50. 2.00 and 2.5 gm. per crock, which terms surface area 
soil corresponded amounts about 125, 210, 320, 420, 620, 840, and 1050 
per acre. Since most investigators are accustomed think terms rates 
per acre, the results have been tabulated this basis. Wild oats were found 
much more resistant chemicals than the other weeds, and dosage 
5.00 gm. per crock, 2100 lb. per acre was also employed this weed. 
These quantities are the actual amount chemical added and not the total 
amount liquid sprayed when application was made solution. 
additional information would have been secured had the dosage increments 
been smaller, owing the magnitude the variability and experimental 
error encountered such tests these. Each determination consisted 
applying adjacent dosages, within the range the expected C.L.D., 
duplicate crocks plants. The lowest dosage giving complete mortality 
was taken the C.L.D. and the test was repeated the results were not 
consistent with those obtained higher and lower dosages. 

The spraying equipment consisted Atlas No. atomizer nozzle 
attached vessel suitable size accommodate the amount solution 
used. Compressed air under pressure about per sq. in. gave con- 
tinuous spray. Several types dusting nozzles were designed and tested 
before suitable one was obtained for applying the insoluble solids. The main 
difficulty was get one that would transfer quantitatively the small amounts 
the finely ground adherent dusts the plant, owing their tendency 
adhere the duster. This difficulty was overcome providing auxiliary 
air jet the dust chamber arranged cause swirling movement the 
material, which had abrasive action that dislodged adherent particles. 
Before spraying dusting, cylindrical sheet-metal guard, lined with wax 
paper, was placed around the plants, minimize the loss finely divided 
material. The nozzle was placed just over this guard, pointing downward 
across the plants angle about order expose all parts the 
plant, would happen with moving apparatus the field, the crocks were 
rotated, means turntable, about revolutions per minute while 


being treated. 
Results 


EXPERIMENTAL ERROR AND SEASONAL VARIABILITY 


Before considering the results the main series tests necessary 
form some estimate the experimental error. The data, most cases, were 
inadequate for making precise estimates the variability, and since sigmoid 
relation between dosage and mortality was obtained relatively few instances, 
the methods Trevan (6) and Bliss (1, could not applied directly. 
During the course the experiments was found that duplicate crocks 
plants from the same lot, treated the same time, seldom differed sig- 
nificantly. given dosage killed all the plants one crock, similar 
result was usually obtained the others, but few cases only 80% kill 
would observed. Instances greater variability were rare. When 
complete kill was not obtained duplicate crocks the test was repeated. 
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Since repetitions had made different lot plants, soon became 
evident that the variability the results between lots exceeded that within 
lots grown the same time. Sometimes chemical would give only 
partial mortality one dosage one lot plants, while another would 
give complete kill, and vice versa, although both lots appeared about 
equally resistant control treatments sodium chlorate and sulphuric acid. 
anomalous relation was observed only few instances between given 
dosage and the second higher dosage. Since the ratio one dose the 
second higher dose was about two, appears that order considered 
significant, the reported C.L.D.’s the chemicals one species must differ 
from each other least 100%. Since the maximum variability described 
above was confined almost entirely the higher dosages, seems likely that 
the results obtained with the more toxic chemicals are subject less error. 


The above discussion applies results obtained successive lots given 
weed treated different weeks during the same season, where the resistance 
the plants appeared increase decrease from lot lot more less 
random. the outset was planned carry out these tests throughout 
the entire year but was found that, addition the random variability, 
there was systematic variability from season season, winter-grown plants 
being more susceptible chemical treatment than summer-grown plants. 
The C.L.D. several chemicals both summer- and winter-grown plants 
are given Table evident that most the chemicals kill winter- 
grown plants about one-half the dosage required the summer. Sodium 
chlorate exception, the quantity required for complete kill being about 


TABLE 
SEASONAL VARIATION RESISTANCE PLANTS CHEMICALS 


Winter, Summer, 
arc ptember 
Chemical Weed inclusive, inclusive, 
(C.L.D.), (C.L.D.), 
Ib. per acre Ib. per acre 
Sulphuric acid Stinkweed 210 
Sulphuric acid Wild mustard 125 320 
Sulphuric acid Lamb’s quarters 210 420 
Sulphuric acid Wild oats 1050 >2100 
Sodium chlorate Stinkweed 125-320 125-320 
Sodium chlorate Wild mustard 210-320 210-320 
Sodium chlorate Lamb’s quarters 320-420 420-525 
Sodium chlorate Wild oats 1650 
Zinc chloride Stinkweed 125 125-210 
Zinc chloride Wild mustard 210 320 
Ammonium sulphate Wild mustard 420 840 
Nickel sulphate Wild mustard 620 1050 
Selenic acid Wild mustard 125 210 
Sodium bichromate quarters 125 320 
Zinc sulphate Lamb’s quarters 620 
Copper nitrate Wild oats 840 2100 
Sodium hydroxide Wild oats 840 1650 


{ 
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the same both seasons. This might due the slow poisoning action 
observed with this substance, which necessitated the use relatively high 
dosages order produce the required mortality within the 4-week 
observation period employed. The greater susceptibility winter-grown 
plants most the chemicals indicated that comparative data could only 
obtained during the same growth season. All subsequent tests reported 
later tables were obtained during the summer, i.e., April September 
inclusive. The results Table however, indicate one cause the seasonal 
variability the efficacy herbicides applied the field. 


RELATIVE SUSCEPTIBILITY SPECIES AND TOXICITY CHEMICALS 

presenting the results the main series experiments, the various 
chemicals have been classified into the following groups: acids and alkalis; 
arsenicals; chlorates and related compounds; cyanides and related com- 
pounds; halides, sulphates and related compounds; miscellaneous inorganic 
compounds; aliphatic inorganic compounds, aromatic organic compounds; 
and industrial by-products. The data obtained are given Tables 
inclusive. The individual chemicals each group are arranged from top 
bottom the approximate order decreasing toxicity, judged from the 
results obtained with all four weeds. Where considerable variation 
toxicity occurred within single group chemicals, the certainly lethal dose 
(C.L.D.) and the time required for complete mortality reported for the 
more toxic chemicals, and the percentage mortality the maximum dosage 
applied for the others. 


these tables, the results for each the four weeds appear the order, 
stinkweed, wild mustard, lamb’s quarters and wild oats. Examination the 
data shows that, for the majority the chemicals, this order increasing 
resistance. Where the order relative toxicity the chemicals one 
species differs, beyond the estimated experimental error, from that obtained 
the others, specific susceptibility that particular species particular 
substances may suggested. This happened infrequently that, until 
more precise measurements are made with more plant species, they can more 
safely attributed the variability inherent experiments this type. 
Furthermore, would appear that, field practice, herbicide having high 
specific toxicity one two species, but low toxicity the others, would 
little value for general use. 


The relative resistance the four species was compared plotting the 
C.L.D.’s the chemicals for stinkweed, wild mustard and wild oats against 
the C.L.D. the same chemical for lamb’s quarters, which has intermediate 
resistance. The resulting graph shown Fig. the chemicals 
tested, only about caused complete mortality all four weeds the 
dosages used and some these were only completely lethal the highest 
dosage employed. Since there large discrepancy between the 
and “retained” quantities with the large volumes spray required apply 
the maximum dosages used these experiments, these high doses were also 
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excluded from the comparisons. dotted line represents the results obtained 
with wild oats where the position the curve less certain owing the small 
number data available. all cases straight lines were fitted the points 
graphically. should noted that since extrapolations these lines would 


not pass through zero both axes, 
the relation over longer range might 
higher order. Fig. shows defi- 
nitely that chemical which more 
toxic than another one weed will 
general the more toxic other 
species. The relative resistance 
the four species used cannot deter- 


STINKWEED 


LB. PER ACRE 


mined with precision from the avail- 
able data, but choosing substance 
having intermediate C.L.D. 
400 per acre for lamb’s quarters, 
can seen from the figure that 
about 200 per acre will the 
C.L.D. for stinkweed and wild mus- 
tard. chemical that will kill lamb’s 
quarters 200 per acre will have 
per acre kill wild oats. From 
these quantities, the approximate 
relative resistance the four species 


WILD MUSTARD 


CHEMICALS 
CHEMICALS 
CHEMICAL 


CERTAINLY LETHAL DOSE TO OTHER WEEDS - 


mustard lamb’s quarters wild oats 

The chemicals used were divided 
into three main classes, the basis Resistance stinkweed, wild mustard 


the number species killed oats relative quarters. 

the dosages employed, namely: those 

which gave complete mortality all four species; those which gave complete 
mortality only two three species; and those which did not give complete 
mortality any, more than one, species. Obviously these main classes 
can subdivided further the difference between them exceeds the estimated 
experimental error. 


Since increase dosage about 100% was estimated cover the 
experimental error, the subdivision the first class, which killed all the 
plants within the dosage range used, into three groups (I, II, and appeared 
justified. This subdivision was the basis the number 
species killed within the minimum, intermediate and maximum dosage ranges 
defined Table XII where the chemicals are classified. also possible 
group chemicals the second class according whether they killed two 
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TABLE XII 
CLASSIFICATION CHEMICALS ACCORDANCE WITH THEIR RELATIVE TOXICITY 
Read left right across pages 318-319) 


Acids and Arsenicals Chlorates, Cyanides, 
Group No. alkali etc. etc. 
(Table II) (Table III) (Table IV) (Table V) 
I. Complete mortality on all four weeds, | Selenic Arsenic Ammonium 
C.L.D. in min. dosage range for at pentoxide thiocyanate, 
least three weeds and not exceed- Sodium cyanide 
ing intermediate dosage range for 
fourth. 
II. Complete mortality on all four weeds, | Chloric, Sodium Sodium chlorate, 
C.L.D. for at least one weed in min. | Sodium arsenite Ammonium 
dosage range, and for not more hydroxide chlorate 
than one, in max. dosage range. 
III. Complete mortality on all four weeds, 
C.L.D. at, or below, max. dosages 
employed, but not meeting require- 
. ments for Groups I and II. 
IV. Complete mortality on three weeds. | (Hydrofluo- Sodium (Barium Sodium 
Sum of percentage mortalities 350 silicic), arsenate chlorate), ferrocyanide 
or over. Hydrochloric, Calcium chlorate 
Nitric 
V. Sum of percentage mortalities 300 or | Sulphuric Calcium 
over. hypochlorite, 
Sodium 
perchlorate 
VI. Sum of percentage mortalities 200 or 
over. 
VII. Sum of percentage mortalities 100 or 
over. 
VIII. Sum of percentage mortalities less Lead (Calcium 
than 100. arsenate cyanamide) 


Minimum dosage range 125-320 per acre. Intermediate dosage range =420 840 
per acre. Maximum dosage range—1050 per acre dicotyledonous weeds, 1050 2100 lb. 
per acre wild oats. 


Position bracketed chemicals doubtful. 
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TABLE XII 
CLASSIFICATION CHEMICALS ACCORDANCE WITH THEIR RELATIVE TOXICITY 
Read left right across pages 


Halides Sulphates, | Misc. inorganic | Aliphatic organic | Aromatic organic} Industrial 
etc. compounds compounds compounds by-products 
(Table VI) (Table VII) (Table VIII) (Table IX) (Table X) (Table XI) 
Sodium Phenol 
bichromate, 
Sodium selenite 
Zinc chloride Copper nitrate Formic acid (Creosote) 
Sodium sulphide (Gasoline) Tetralin, 
Sodium benzoate, 
Aniline, 
(Benzene), 
Furfural 
Sodium Tar acids 
salicylate 
Zinc sulphate, Formamide a-Naphthy- 
Copper sulphate lamine 
(Calcium (Ammonium Sodium carbonate, | Sodium acetate, | a-Naphthy- 
chloride), sulphate), (Carbon (Ethylene lamine 
(Sodium (Ferrous sulphate) disulphide) dichloride) hydrochloride 
chloride) 
(Potassium Sodium sulphite, (Kerosene) Naphthalene, 
chloride) Nickel sulphate, (Sodium 
(Ferric sulphate) naphthionate) 
Cryolite Aluminium (Amm. phosphate),} (Methanol), Pyridine, Sulphite 
sulphate, Sodium silicate, Acetone, Naphthionic liquor 
Chromium amm. Potassium Ethyl acetate, acid 
sulphate, permang. Urea, 
Nickel amm, (Lead nitrate), Motor oil 
sulphate, (Sodium 
Aluminium amm. tetraborate) 
sulphate, 
Aluminium pot. 
sulphate 
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three the weed species. Strict adherence this basis classification, 
however, neglects the magnitude the partial mortality the other species. 
Chemicals this class were therefore grouped accordance with the sum 
the percentage mortalities all four weeds. Three groups were defined 
according whether the summed mortalities (out possible 400) exceeded 
350, 300 200 respectively (Groups IV, Vand first these groups 
was introduced because several the chemicals failed kill wild oats com- 
pletely but gave relatively high mortality, result which can probably 
attributed the large discrepancy between the and 
dosages with the large volumes spray employed. Had more concentrated 
solution these chemicals been applied, greater proportion the chemical 
would have been retained the leaves and stems, and complete kill might 
have been obtained the same applied dosage. doubtful whether 
chemicals falling the third class, defined above, merit further subdivision, 
since they are not sufficiently toxic any practical value herbicides. 
Nevertheless they were divided into two groups (VII and VIII) depending 
whether the sum the percentage mortality all four weeds was greater 
less than 100. 


Using these criteria all the chemicals tested were classified into the eight 
groups shown Table XII. The first column gives the group number and 
the definition the limits each. the body the table the individual 
chemicals are listed accordance with the classification used previous 
tables. Several individual chemicals are enclosed brackets; this indicates 
that the exact position the chemical uncertain, either because was 
not tested all weeds, the maximum dosage was not applied, for some 
other reason. should also mentioned that the relative toxicity indi- 
vidual chemicals one group may not differ significantly for individual 
members the group preceding following it. 


the chemicals tested seven fall each Groups III, and VII; 
nine each Groups II, IV, and VI; and Group VIII, which represents 
chemicals having useful toxicity. Chemicals falling the first three 
groups merit further consideration herbicides since such substances 
sulphuric acid and sodium arsenate, which have been used considerable 
extent the field, appear Groups and respectively. the acids, 
chloric and selenic appear more toxic than the other mineral acids, 
indicating that the anion contributes the toxicity. fairly large proportion 
the arsenicals, chlorates, and cyanides employed had useful toxicity, but 
the halides and sulphates tested, only zinc chloride, zinc sulphate and 
copper sulphate appear the first five groups. Again the toxicity three 
the four effective compounds tested the miscellaneous inorganic group can 
attributed the anion. This may result from the fortuitous selection 
chemicals representing the anions and cations generally, but the cost many 
salts other toxic metals would prohibit their use weed-killers. appears, 
therefore, that substances having toxic anions are more likely practical 
herbicides than those based toxic cations. 
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seems reasonable assume that most instances certain amount 
the chemical must absorbed the plant before can produce lethal 
effect. The amount absorbed must also conditioned the physical 
properties the substances added, such its solubility the aqueous phases 
the plant, its volatility, etc. The killing power given compound will 
therefore depend these properties well upon its inherent toxicity after 
entering the plant. the substances listed Table XII, eight were solids 
that were too insoluble water for spraying and had applied dusts. 
Seven these were low toxicity that they appear Group VIII. The 
other member, a-naphthylamine, falls Group From these results, 
appears that insoluble, sparingly soluble solids, will little value 
herbicides. Seven liquids insoluble water were applied, and four these 
fall Groups III and while the remainder had lower toxicity. Solubility 
water appears therefore less important the substance liquid. 
With reference volatility, formic acid, benzene and gasoline were fairly 
toxic, being classified Groups and III. The gasoline used, however, was 
probably not volatile the other two substances. Tetralin, aniline and 
furfural also appear Group III, but these substances are not highly volatile 
and must remain the plant for considerable period and allow penetration 
tooccur. All the other liquids, whether applied directly solution, were 
relatively ineffective, and appear the last three groups. 


These results are too meagre permit definite statement but appears 
that solid substances insoluble water, and compounds that evaporate 
readily will little value herbicides applied dusting spraying. 
There are, course, exceptions this rule, and the case volatile com- 
pounds efficacy may determined the relative rates penetration and 
evaporation. Substances acidic nature, such formic acid, are doubt- 
less absorbed more rapidly than neutral substances and enter the plant 
before significant amount evaporation occurs. such substances, 
the observed effect probably due entirely the inherent true toxicity 
the compound, rather than its physical properties. 


Residual Toxic Effect Soil 

The residual toxic effect which the chemical may impart the soil 
important, not only because its subsequent effect the growth economic 
crops, but also from the standpoint its herbicidal properties for perennials. 
This class plant can eradicated only the roots are killed, and this 
condition requires that sufficient amount the chemical transmitted 
the roots either through the plant, following absorption the foliage, 
through the soil. these two ways which the roots may killed, the 
latter would appear more probable. 

order determine the residual effect, the crocks were seeded with 
Marquis wheat immediately after removing the weeds, three four weeks 
after treatment. The soil was stirred up, seeds planted, and the moisture 
content adjusted weighing. These seeds were allowed grow for three 
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TABLE XIII 
CHEMICALS HAVING RESIDUAL TOXIC EFFECT 


Minimum 
Dosage 
dosage causing 
required 100% 
Chemical reduce Remarks 
per acre Ib. per acre 
Selenic acid 420 *Lowest dosage tested proba- 
bly higher than M.E.D. 
Chloric acid 
Sodium chlorate 210 525 
Ammonium chlorate 210* 620 C.L.D. next lower dos- 
Barium chlorate 210* age not tested 
Calcium chlorate 210 1050 
Maximum Green weight 
dosage tested, per cent 
per acre checks 
Sodium arsenite 1050 (30) Gave inconsistent results 
Calcium hypochlorite 620 
Sodium cyanide 620 
Potassium chloride 4200 
Copper nitrate 840 
Urea 4200 
Motor oil 4200 
a-Naphthylamine 840 
a-Naphthylamine hydrochlor- 
ide 1050 
Creosote 620 (50) Gave inconsistent results 
Sodium benzoate 1050 (10) 


Bracketed values doubtful. 


four weeks and observations were made the percentage germination. 
The number leaves per plant, and the height and green weight the plants 
the end the growth period, were measured and expressed percentage 
the growth observed untreated crocks the same series. Most these 
estimates growth were correlated with one another, and the green weight 
appeared the most reliable index, this the only one reported. 


The residual effect was determined only for substances that produced 
useful mortality the spraying tests, namely, those appearing Groups 
inclusive (Table XII), with few exceptions and few additional 
members from the other groups. Some the chemicals produced toxic 
condition the soil over considerable part the dosage range, and was 
possible estimate the minimum effective dose (M.E.D.) and the certainly 
lethal dose (C.L.D.) from the results. Other substances imparted toxic 
condition the soil only one more the higher dosages, that quan- 
titative estimates the residual effects were not possible. the chemicals 
tested, showed definite evidence residual toxic effect, and three others 
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sometimes reduced the yield significantly, but gave inconsistent results. 
the remaining substances, showed evidence increased growth, which 
suggests stimulation nutritive effect, while five did not differ significantly 
from the controls. Since this investigation was concerned only with the toxic 
effects, the data obtained with substances which either increased the green 
weight had effect are not presented. results obtained with 
substances which had residual toxic effect appear Table XIII. 


This table divided into two sections, the first includes substances for 
which sufficient data were available estimate the M.E.D. and the C.L.D. 
and the second section includes substances that have toxic effect, but for 
which the data were inadequate for quantitative estimates the toxicity. 
the whole, these results are good agreement with those Bowser and 
Newton (3) and Newton and Paul (5). Since the residual effects observed 
under field conditions will depend large extent the nature the soil 
and climatic conditions, any small differences between the results obtained 
this study and those reported the above investigators can probably 
explained variations these conditions. 

should noted here that, although the majority the chemicals tested 
showed evidence residual toxic effects the soil few weeks after 
application, cannot said that they did not act through the soil, least 
part, the time treatment. all cases where the rate reaction 
the chemical the plant exceeds the rate detoxication the chemical 
the soil, toxic effect through the soil could expected. the other hand, 
the toxic effect given substance the soil does not persist for period 
excess that required for the death the roots and underground stems 
perennials, this substance may little value for eradicating this class 
weed. 
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PEACH CANKER INVESTIGATIONS! 


III. FURTHER NOTES INCIDENCE, CONTRIBUTING FACTORS, 
AND RELATED PHENOMENA 


WILLISON? 


Abstract 


The relative importance the different sources canker varies from year 
year. Some, pruning wounds and injuries from verticilliosis, become less, 
while others, such dead twigs and fruit pedicels, become more significant with 
time. Still others show definite trends but fluctuate according conditions. 

Leaf scars are vulnerable for time after leaf fall, because 
absence wound periderm the leaf base, but the development cankers from 
leaf scar infection determined infrequent coincidence physiological and 
meteorological factors. 

Some insects such the oriental fruit moth (Laspeyresia molesta Busck.), the 
shot-hole borer (Scolytus rugulosus Ratz.), and the peach borer (Synanthedon 
exitiosa Say.) can cause injuries which frequently become cankered afterwards. 
The lesser peach borer (Synanthedon pictipes R.) seldom primary 
parasite but may stimulate necrotic processes through its destruction callus 
cankers. The peach most susceptible canker the fall, and injuries 
such pruning cuts made that time are much more subject infection than 
those made any other time the year. The incidence peach canker and 
winter injury can also increased significantly prolonging the period 
open cultivation. least three types winter injury have been observed, all 
which may give rise serious cankers. 

From 85% the open cankers all ages overwintering the tree 
remain active. There also tendency for cankers become less active with 
increasing age. Surgical treatment important cases considerable value. 


important phase the study the peach canker problem has been the 
intensive surveys that have been conducted annually the laboratory orchards 
from 1929 1936 inclusive, period covering their entire history date. 
Although the results the first four surveys have already been set forth (5), 
the additional information obtained the last four years considered 
sufficient interest warrant second paper the same general theme. 
For present purposes and the risk some repetition, intended, 
the light more recent observations, review the status the various 
points origin, and emphasize the relation cultural and pruning 
practices the incidence canker. Other factors, related phenomena and 
the general behavior cankers from year year, are also discussed 
briefly. 

Centres Origin 

The percentages cankers developed from various origins each year 
and the complete series surveys are given Fig. for the variety 
Elberta, and Fig. for the variety Rochester planted will 
noticed that only about the total number cankers observed the 
Elberta orchard had developed the first four years. spite these 
small numbers definite trends were noted even then (5). the trees 
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become older, there tendency shift the responsibility for cankers from 
pruning cuts dead twigs, oriental peach moth injuries, scrapes and 
This statement still holds implication, although will have undergo 
some modifications detail. From the more complete information now avail- 
able, few generalizations may made. During the first two three years 
the history orchard, pruning wounds usually outnumber any other 
form injury, and thus serve the main means entry for canker. Later, 
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Fic. The relative annual incidence cankers from various sources the Elberta 
orchard. Insets: Upper, the number new cankers observed each year from 1929 1936. 
Lower, the relative significance various points origin that 
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with the development profusely branching aerial system, other points 

origin become dominant and either continue increase importance 

from year year are superseded their turn evident 

from the data from both the Elberta and Rochester orchards (Figs. 
PER CENT 


LEAF SCARS 


PERCENTAGES OF NEW CANKERS 


FROM VARIOUS SOURCES 
OBSERVED EACH YEAR 


IN ROCHESTER ORCHARD 


NUMBERS OF NEW CANKERS 
OBSERVED EACH YEAR 


1933 (PER TREE) 


REINFECTIONS 


INJURI 


PRUNING 
WOUNDS 
CROTCHES 


SPLIT OR BROKEN . PERCENTAGE OF CANKERS 
BRANCHES W. FROM EACH SOURCE 


1933-1936 


INJURIES 


neat PRUNING STUBS 
1936 


Fic. The relative annual incidence cankers from various sources the Rochester 
orchard. Insets: Upper, the number new cankers observed each year from 1929 1936. 
Lower, the relative significance various points origin that period. 


and particularly the latter where 1932, before records were kept, prac- 
tically all cankers came from pruning cuts. These pruning cuts became minor 
significance later years. The introduction other factors, which will 
discussed length later, brought about the return the pruning wound 
prominence the Elberta orchard. 

Under the conditions prevailing during the observation period, twig injuries 
caused the oriental fruit moth (Laspeyresia molesta Busck.) were greatest 
relative importance source canker each orchard during the third 
and fourth year after planting, though the numerical maxima were reached 
1934 each case. suggests that the incidence cankers this 
origin not only may vary with the prevalence the moth but also declines 
importance with the increasing age the absolutely and 
relatively. This more less corroborated comparison the occur- 
rence these cankers the two varieties (Table evidence here leads 
the assumption that the Elberta orchard had passed its period greatest 
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susceptibility, and therefore the amount twig injury that variety was 
influenced mainly fluctuations the moth populations, the peak which, 
the other hand, occurred when the Rochester orchard was most susceptible. 


TABLE 


THE OCCURRENCE CANKERS FROM TWIG INJURY THE ORIENTAL FRUIT MOTH THE 
VARIETIES ELBERTA AND ROCHESTER FROM 1933 1936 


Numbers cankers per ten trees 


Variety 


1933 1934 1935 1936 
Elberta 1.8 0.3 
Rochester 3.4 35.4 6.6 1.3 


since removed cankers were counted Rochester, but not Elberta 1935. 


far these investigations were concerned, verticilliosis and its effects 
were also chiefly confined the younger trees and became less important 
and even non-existent later years. Observations other orchards led 
similar conclusion. 

the other hand, dead twigs and fruit pedicels became increasingly 
significant until they accounted for most the cankers that occurred after 
the trees were six seven years old. Fortunately, these cankers usually 
appeared the smaller branches and could removed without much loss. 
indicated Figs. and the fruit pedicel has appeared 
canker these orchards only during the last four years. 

Still other sources, such mechanical injuries, winter injuries, re-infections 
following removal cankers, split broken branches, crotches, and borer 
injuries, did not show any definite trends from the point view either 
actual numbers relative significance. Annual variations these appear 
determined number factors independent the changes brought 
about the increasing age size the tree. 


Brown Rot and Canker 

Although serious outbreaks have occurred the experimental orchards 
during the last eight years, recognized that, under favorable conditions, 
Sclerotinia fructicola, the brown-rot fungus, capable causing great damage 
twigs and small branches, following blossom-blight the spring brown 
rot fruit the fall. These injuries, particularly the latter, are therefore 
possible sources canker which may very great importance some 
years. However, should emphasized again, that, fructicola 
comparatively short-lived woody tissues, cankers not develop points 
affected this fungus unless canker organisms such Valsa cincta, are also 
present the lesions some the cankers fruit pedicels 
may well have been initiated fructicola, most cases, however, the 
canker organisms acted primary parasites, since brown rot was virtually 
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absent from the orchards the fall 1934 and 1935. Valsoid fruiting bodies 
were also evidence many these cankers and Valsa cincta was isolated 
pure culture from considerable number both with and without fruiting bodies. 

Striking evidence the short duration the activity the brown-rot 
fungus naturally infected twigs was obtained 1933. that year, 
blossom blight was present, particularly the variety Mayflower, and the 
blighted blossoms remained the tree during most the summer. July, 
about hundred these were tagged for future observation and some affected 
twigs were brought into the laboratory and placed moist chambers. Four 
days later, the monilia stage fructicola appeared the dead bark, leaves 
and blossoms, and the drops exuded gum, but underneath the dead 
bark the callus was quite healthy and some cases had completely over- 
grown the original injury. Thus was possible isolate the brown-rot 
fungus from the debris about blossom-blight lesions which had actually healed. 
May, 1934, when the tagged lesions the trees were examined, 80% 
were either healed inactive. the remainder were twigs that 
had been killed the blight 1933 and had died back almost the parent 
branch. The few typical cankers that developed from blossom blight were 
due secondary infection canker-producing fungi. 


Leaf Scar Infections 

The cankers which earlier (5) were designated originating dead buds 
have since been demonstrated have been leaf-scar infections. One striking 
evidence this was the fact that some buds remained alive, and few actually 
put out leaves spite the cankers around their bases. Upon histological 
examination, mycelium was found the leaf traces, adjacent cortical 
tissue, the parenchyma the leaf gap, and the cambial region, but the 
buds either were alive and turgid had died because desiccation following 
invasion the underlying tissues. There were indications that infection 
had occurred through the bud itself, which, after all, well protected. 

Further investigation revealed the abscission peach leaves interesting 
sequence which helps explain the vulnerability the leaf scar. The forma- 
tion the abscission layer not accompanied the development cork. 
Consequently, after leaf-fall, the exposed tissue the leaf base dies back for 
distance two three millimetres, which depth wound periderm 
laid down form the foundation for second abscission which occurs early 
the following spring. the process, and before the dead piece drops off, 
the vascular strands the leaf base are severed and become occluded 
small, bladder-like corky cells developed from the wound periderm. Thus, 
after the second abscission the leaf scar fully protected, but there period 
immediately after leaf-fall when the presence both the dead tissue and the 
open vessels makes the leaf scar ideal infection-court. The period 
vulnerability varies from year year and may short, the fall 1935, 
when the cork layer was well developed before the advent winter, may 
last until spring, 1934-35, when periderm formation was limited 
material examined late February. 
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The presence absence periderm, however, only one the factors 
determining leaf-scar infection, since took place large scale only during 
the fall 1932 and the succeeding winter. The high percentages cankers 
from this source recorded for 1934 Elberta (Fig. 1), and for 1934 and 1935 
Rochester (Fig. were mainly due those originating the outbreak 


TABLE 


SOME METEOROLOGICAL DETAILS CONSIDERED IN CONNECTION WITH THE EPIDEMIOLOGY OF 
LEAF SCAR INFECTION 


Remarks 1931-32 1932-33 1933-34 1934-35 1935-36 
Rainfall August and September 
(in inches) 6.0 6.0 6.5 6.5 
Fall 


higher 
Rainfall inches and 1.59 3.42 1.64 4.3 4.4 
Winter 
Mar. Mar. Mar. Mar. Mar. 
Number days 119 132 144 
higher 
higher 
Periderm Well Comparatively little Scanty Well 
(in leaf base) developed 


M.D.T.—Mean temperature for the day. 
Winter considered begin when mean daily temperatures start hover around 32° F., and 
end when mean daily temperatures rise more less steadily above 32° 
deduction, consideration the late first frost, high temperatures fall, and slight 
amount leaf scar infection spite other favorable conditions. 


Weather sequences: 

1931-32: Comparatively warm and late fall; followed mild winter about normal length. 

1932-33: Early frost; fall, mild but not warm, with temperatures declining fairly gradually, 
and high rainfall favorable periods; followed long but mild winter. 

Early frost; fall comparatively cool but changeable with less rainfall than 1932; 
followed long and very severe wintcr. The warm periods indicated and 
above, were mostly the beginning and towards the end winter and were usually not 
long duration. 

Early frost; temperatures very changeable during fall, with considerable rainfall; 
followed comparatively short, moderate, but steady winter. 

Very early frost; first half fall warm, second half cool, with considerable rainfall; 
followed comparatively short, moderate but steady winter. 
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but which had been overlooked the meantime because their 
inconspicuousness. is, therefore, reasonable believe that meteorological 
conditions play important part this phase the problem, and that 
combination factors favoring outbreak comparatively rare 
occurrence. Some relevant data from the weather records, assembled 
Table II, not only indicate wide range possibilities but also throw con- 
siderable light the epidemiology canker formation leaf scars. 


Although not possible state definite limits, there some evidence 
that, when mean daily temperatures are above 50° F., particularly for con- 
siderable periods, periderm formation proceeds the leaf bases, and that 
mean temperatures between and are most suitable for infection, 
which, however, does not readily take place when the mean daily temperature 
falls much below 45° warm weather after leaf-fall, which 
influenced by, but not necessarily coincidental with the first frost, tends 
favor the host the fall 1935 and, inference, the fall 1931 also. 
these cases, subsequent opportunities for infection, which arose the late 
fall 1935 and during the winter were nullified the presence 
the periderm. the other hand very variable weather after leaf-fall, 
1933 and 1934, appears have permitted little activity the part either 
host fungus, reason the short duration favorable conditions. 


Some infection experiments the fall 1934 illustrate the fact that 
this time year apparently slight differences conditions may con- 
siderable significance determining whether infection take place, and 
so, whether canker results. October leaves were removed from 
number twigs either knife cuts tension which broke off the petiole 
the abscission layer. Half the leaf scars thus exposed were inoculated 
with spore suspension Valsa cincta. The mean temperature was above 
50° for the next days. Natural leaf-fall proceeded from the 14th 
the 25th, during which time the mean temperature was above 50° for 
eight days. Periderm was well developed the artificially induced leaf bases 
but was scanty following natural abscission. inoculated leaf bases, the 
fungus was found considerable quantity the dead tissue and had begun 
down the leaf traces only stopped the periderm and masses 
wound gum. Incidentally, wound gum was less plentiful non-inoculated, 
artificially produced leaf bases and virtually absent naturally occurring 
ones. presence the fungus had the curious effect depressing the 
periderm the central part the leaf base, producing concave surface 
place the almost plane surface characteristic the periderm non-infected 
the cases cited, although infection actually occurred was limited 
extent, largely the protective action the periderm, and lesions 
were formed. 

view the evidence submitted above, the outbreak cankers following 
leaf-scar infection 1932 was all probability due the long period the 
fall when temperatures, while not high enough allow much periderm 
laid down, were within the critical zone for infection and were accompanied 
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sufficient moisture permit germination spores. addition, the 
very mild winter provided ample opportunity for the spread the fungus 
tissues which had become established, since according observations 
both this and other connections (6) the minimum temperature for growth 
the fungus considerably lower than that for germination and infection. 


The Role Insects 

Several insects have been observed association with canker, either 
precursors concomitants. part played the oriental fruit moth 
(Laspeyresia molesta Busck.) means its attacks succulent twig tips 
the spring has already been commented upon (supra and (5)). Two 
other insects, through their ability attack uninjured bark, have also provided 
infection courts for cankers. These have been grouped together under the 
general heading borers the lists origins (Figs. the 
cankers initiated their activity have been less numerous than the case 
the fruit moth, they may greater importance, because their location 
the tree. One these, the shot-hole borer (Scolytus rugulosus Ratz.) 
produces simple tunnels about millimetre and half diameter the bark 
the trunk larger branches. These tunnels are without ramifications and 
penetrate least deep the wood. This insect has generally been con- 
sidered capable attacking only weakened trees, but the last four years 
the present investigations has been found also quite vigorous, healthy 
trees, especially those the neighborhood dead peach stumps brush 
piles. The other insect this category the peach borer (Synanthedon 
Say.), which, well known, works destructively the crown 
region just below the soil. This borer was not observed the experimental 
orchards until the summer 1936 when attacked considerable number 
trees. Some the injuries showed definite symptoms being infected 
with canker. 


The lesser peach borer (Synanthedon pictipes R.) the other hand, 
found only the aerial parts the tree. chief significance the canker 
problem lies the fact that its favorite feeding ground seems the gum- 
covered tissues established cankers, the perennial enlargement which 
aggravates destroying the callus. sometimes also infests non- 
infected wounds, the lesser borer may also increase the opportunity infection 
keeping the wounds open, although instances this were observed. 


Pruning Experiments 

Although the importance pruning its relation canker has already 
been discussed length (5), some more recent observations warrant further 
examination this phase the problem. Since 1932, record has been kept 
the number pruning cuts made each year each tree the orchard. 
With this information was possible calculate the percentage pruning 
wounds giving rise cankers and make more accurate estimate the 
effect time pruning upon the incidence canker (Table 
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TABLE III 


THE EFFECT OF THE DATE OF PRUNING UPON THE PERCENTAGE OF CANKERS 
DEVELOPED AT PRUNING WOUNDS 


Percentage 


Month which pruning Number Number pruning cuts 
was conducted pruning cankers resulting becoming 
cankered 
Elberta orchard 
16,989 1064 6.26 
January 2,576 
February 2,170 
March 16,238 
51,007 
Total (Elberta) 135,915 1188 
Rochester orchard 
May, 1934 5,403 17* 
May, 1935 7,748 
Total (Rochester) 13,151 


Some these probably should have been listed canker removals since was not always possible 
determine 1935 where cankers had been removed 1934, which year canker incidence was 


high this orchard (Fig. 2). 


Upon the discovery that inoculation late autumn produced the greatest 
amount necrosis (6), was decided prune two rows and Fig. 
the Elberta orchard that season. The results (Table III) indicate that 
wounds made then were also most susceptible natural infection, since 
the percentage cankered fall-pruned cuts was least ten times high 
that for January pruning and times high that for pruning 
any other month the year. Moreover, the figure given Table III for 
the fall pruning considered low. For, while 3.7% the pruning 
cuts October and November 1933 became cankered 1934, there was 
additional 4.4% 1935. Because the disastrous results the first fall 
pruning, the second was deferred until 1935. From this, there developed 
1935 cankers 4.3% the cuts and expected that still more will 
appear 1937. 

Even the basis the present figure, there was average pruning- 
wound cankers per tree the fall-pruned rows. When considered, 
the one hand, that these were the consequences only two prunings and 
that such cankers necessarily occurred those parts the tree which 
was desirable retain, and the other hand, that the cankers resulting from 
pruning the proper time the year were virtually negligible, obvious 
that the salvation ruination peach orchard can, considerable measure, 
determined pruning practices. 


Cultural Practices 
The plan the Elberta orchard, viewed from the east side, Fig. shows 
the approximate number cankers observed each tree and including 
the survey 1936, and the arrangement three plots cultivated until the 
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middle June, the middle July and the middle August respectively. 
The squares marked with asterisk represent replacements, most which 
were made 1931 and 1932. Fig. shows the average number cankers 
per tree based, the number cankers observed each plot each 


DISTRIBUTION CANKERS ELBERTA ORCHARD 


Fic. The numbers cankers observed each tree the Elberta orchard during the 
period 1929-36, indicated the key below the chart. The division the orchard into 
three plots receiving different cultural treatments also shown. 


AVERAGE NUMBER OF CANKERS PER TREE (CUMULATIVE) 
° $s 10 

A IN EACH PLOT IN SUCCESSIVE YEARS 


1929-3 
EFFECT OF DURATION OF PERIOD 
OF OPEN CULTIVATION 
ON INCIDENCE OF CANKER 
IN 
ELBERTA ORCHARD 


B. FROM VARIOUS SOURCES IN EACH PLOT 


C.C. IN AUGUST 
Cc. IN JULY DEAD TWIGS 

CANKERS 
JUNE FROM CROTCHES 


AND WINTER INJURIES 
IN JUNE 


Fic.4. The effect upon the incidence canker cultivating the orchard for different lengths 
time during the growing season. Elberta. 
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year added the total those originating previous years, and 
the total number cankers various sources each plot from 1929 1936 
inclusive. the blank spaces the columns for the years 1934, 1935 and 
1936 represent cankers from pruning wounds, the incidence which not 
affected cultural practice (see also Fig. 4). 

strikingly evident that the longer the orchard cultivated during 
the summer, the greater the amount canker. This effect, which has 
already been mentioned (5), has been consistent during the last four years, 
not only toto but also cankers from each the various points origin 
except the pruning wound. will also observed (Fig. that the densest 
concentration cankers occurred the central part the August plot, 
while the opposite was true the June plot. That say, the outer rows 
each plot appeared affected some extent the conditions the 
adjacent one. roadway along the east side the orchard also tended 
reduce the amount canker Row the August plot though apparently 
had little effect the July plot. 

the basis the data given Fig. the proportion incidence was 
the June, July and August plots respectively. would appear 
then, that cultivation until the middle August had greater influence 
increasing the incidence canker than cultivation until July. There was, 
however, lack uniformity the distribution cankers the July plot 
(Fig. attributable part differences growth rates brought about 
the more pronounced differences topography and soil fertility that plot. 
probable, therefore, that the above estimate for the July plot may 
slightly lower than would applicable general practice. But even 
only that section the July plot where cankers were most prevalent taken 
into account, that is, block seven trees wide extending across the orchard 
next the other two plots, the proportion becomes only 1:2.2:3. 
that estimate, the critical time for stopping cultivation still remains between 
June and July 15. any case, there ample evidence that the suscepti- 
bility the peach tree canker can profoundly modified factor 
readily controllable the date sowing cover crop. 


consideration the effects cultural practices, crotch cankers and 
trunk cankers following winter injury are particular interest (see inset, 
Fig. These cankers, because their position, are much greater im- 
portance than their numerical status (Figs. would indicate, since 
most cases they cannot removed and can affect the whole tree large 
part it. the plot cultivated until June 15, only one tree three was 
subject one other these cankers, comparison with 87% the trees 
the July plot, while, the August plot, assuming uniform distribution, 
three-quarters the trees had one other and the remaining quarter both. 
Moreover, the proportion cankers from winter injury the various plots 
implies similar proportion winter injury, whether infected not. This, 
course, suggests possible means avoiding reducing such injury and 
adds further weight the argument for early cessation cultivation. 
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Winter Injury 

the course the present investigations, least three types winter 
injury have been encountered. The first, occurring the winter 
was crown injury winter induced the early spring 
cold weather following warm period during which the crown became active. 
Several trees were girdled and died May June, addition those with 
lesser injuries, most which appear cankers Fig. 

more serious outbreak winter injury the winter took 
the form frost cracks the bark apparently caused tensile strains devel- 
oped result unequal contraction during periods very low atmospheric 
temperature February. These gave rise the cankers recorded for the years 
1934 1936 (Figs. 2). While trees the experimental orchards were 
killed, number large branches either succumbed were badly affected 
because the resulting cankers the trunk either cut off seriously impaired 
their supply water and nutrients. During the same winter, orchards 
other parts the Niagara Peninsula, where the temperatures were lower than 
St. Catharines, suffered severe losses from direct low temperature injury 
buds, twigs and even large branches. 

The third form winter injury appeared after the winter 
during which the soil temperatures reached the lower limits tolerance for 
subterranean parts. Several trees suffered girdling but others were affected 
one two sides should mentioned passing that damage 
this type was most severe those portions the experimental orchard where 
soil fertility was low, and that similar correlation existed other orchards 
which attention was called. 

Although somewhat aside from the main purpose this paper, brief 
discussion the symptoms exhibited girdled trees and branches seems 
appropriate here. girdling, whether winter injury canker, 
takes place before bud break, the tree branch usually, though not always, 
puts out its leaves which, however, rarely attain full size and are usually more 
less chlorotic. The affected foliage may also show symptoms mineral 
deficiency one kind another not observable the rest the orchard 
tree. Depending upon the extent the interruption water supply, the 
leaves may remain alive throughout the growing season they may flag 
any time during hot weather and drop off shortly afterwards. Cases 
winter injury have been observed, especially 1936, where the phloem 
tissues the trunk and large branches turned brown from the base upwards, 
that was possible for the upper branches have been dead dying and 
yet have had undiscolored bark. Later, course, discoloration followed, 
unless desiccation the tissues was rapid. The symptoms appearing 
trees attacked Verticillium are somewhat similar those following girdling. 

The resemblance the above-mentioned symptoms those described 
European workers (1, for ‘‘apoplexy”’ stone fruit trees, leads the 
suggestion that that trouble also occurs Ontario. so, probably 
due number entirely different causes, acting either independently 
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various combinations. That opinion also current among aforementioned 
European authorities, but they have not suggested that canker may sometimes 


implicated. 
Sunscald 


Since the completion the 1936 survey, there has appeared additional 
source éanker, which, some orchards and exceptional seasons, may 
considerable significance. During the latter part August, 1936, depressed 
areas were observed few trees, the bark the upper side larger 
branches extending the northeast. The bark these areas was dead and 
brown, some cases deep the cambium but others only part way. 
The outer layers xylem were also browned. other trees, the injury 
was limited brown flecking, speckling and streaking the bark tissues. 
The same minor injury was also present just outside the borders the 
depressed areas the more severe cases. Dead areas the same type were 
also found the west side the trunks two trees. April, 1937, some 
the branches which the bark was killed had become infected with 
species Valsa and the necrotic areas had undergone considerable increase 
size. Non-infected lesions, the other hand, appeared have remained 
unchanged. 


Upon histological examination, was found that, bark only partially 
affected, the cortex, phloem, phloem parenchyma, and fibres were more 
less collapsed and filled with yellowish mass wound gum, while the medul- 
lary rays were for the most part uninjured. Where the bark, part it, 
was dead, well developed wound periderm separated the dead from the living 
tissues, which were usually partly affected also. lesser amount wound 
periderm had also been formed around some the worse areas the latter. 


This type injury was confined that section the orchard where the 
trees were poor general state health due, part least, low soil 
fertility. The nature the damage and its position the tree suggest that 
was caused sunscald induced during the extreme heat July, 1936, 
trees already weakened from other causes. similar condition was also 
observed some old plum trees the laboratory farm. 


The Perennial Activity Cankers 

most peach cankers are more less perennial, account field observa- 
tions such this would not complete without some remarks their 
behavior from year year. During the present investigations, case histories 
all cankers were followed until they either were removed from the tree 
were healed the complete overgrowth callus. The data pertaining 
this phase the problem are summarized Fig. the left-hand side 
are given the data for cankers recorded inactive healed from year 
year and calculated percentage the number cankers originating each 
year (inset each group). The graphs, which the base line the right- 
hand side, represent the percentage active cankers those which were 
the tree, but not healed, during the preceding winter. Both categories are 
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PER CENT ORIGINAL NO. CANKERS 


NS 


"36 NS: 


1930 


PER CENT OPEN OVERWINTERED CANKERS 


YEAR OBSERVATION YEAR ORIGIN 


Fic. the left, the percentage the cankers each year origin becoming inactive 
and healed successive years. right, the percentage active cankers those remaining 
open the tree during the winter preceding the year observation, arranged according both 
year origin and total numbers overwintering. Variety Elberta. 


classified according their year origin the first seven groups, and the 
lowermost group the active cankers are represented cumulative basis 
terms the number open cankers all ages remaining the tree each 
winter. These numbers are given the columns for the respective years. 
The spaces between the two sets graphs are due the fact that some cankers 
were removed each year, either excision being healed. Since 92% 
these were active removal, the estimates calculated for the inactive 
cankers probably approximate more closely what would expected happen 
cankers were removed. the other hand, the graphs for the active 
cankers give more accurate account what actually occurred over- 
wintering cankers. 

evident each age group that certain number cankers which were 
active one year became inactive during the succeeding one and thereafter 
proceeded heal over. There were occasions, however, when cankers 


1929 
1932 
L 
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resumed activity, some them even after being healed. The effect this 
apparent (Fig. 1934 the 1931 series and 1935 the 1932 series, 
while other instances, was balanced the opposite behavior other 
cankers. still other cases where cankers became inactive the original 
lesion remained so, but new one appeared nearby, suggesting the new 
emergence old canker. The tendency inactivity with increasing age 
was expressed not only numerically, but also spatially, for the greatest amount 
necrosis was usually produced canker during its first year two. 
But since there were exceptions, this rule, while generally applicable, scarcely 
safe guide for prediction particular cases. addition these con- 
siderations, there some evidence that trees show more recuperative ability 
when they are young and vigorously growing than they later. This 
accordance with the observation that the rate closure wounds depended 
upon the growth rate the branches which they were found 
canker will become inactive also determined the same factor well 
the foothold gained the causal organism. Besides, the low per- 
centage inactive cankers the later age groups may also partly due 
the occurrence the majority cankers the smaller branches. 


With regard the data summarized the last section Fig. will 
observed that later years when there were large numbers cankers over- 
wintering the percentage active ones fluctuated over narrow range 
(75 83%). This provides basis for estimating the minimum 
expected become perennial. The wider range values obtained during 
the first four years may due part the small number cankers under 
consideration and part the operation the age factor mentioned above. 


Closely connected with this aspect the problem the effect surgical 
treatments upon the subsequent behavior cankers. During June and July 
1934 and 1935, 187 cankers trunks and large branches were thoroughly 
cleaned. Various water-proofing preparations, mostly asphaltic nature, 
were applied these. Approximately half the treated cankers were 
previously disinfected with 500 solution mercuric chloride. the 
two years’ experiments, only 37.7% the treated cankers showed further 
activity. Since the use single preparation rendered the treatments more 
strictly comparable 1935, the results that year’s experiments are 
particular interest. The percentages cankers active 1936 were 33.3 for 
disinfected, treated cankers, for those treated with asphalt alone, and 66.6 
for those cleaned but otherwise untreated. The waterproofing apparently 
acts double capacity, first promote callus growth curtailing water 
losses, and second, prevent leaching the disinfectant rains. 
also probable that, cankers that remain active despite treatment, the causal 
fungus was deep-seated and thus beyond the point which the disinfectant 
could penetrate effectively. may concluded then, that surgical methods 
combined with wound dressings, particularly when disinfectants are also 
employed, are most value the borderline cases and hindering re- 
infection. 
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STUDY BACTERIUM GLOBIFORME CONN SOILS 
DIFFERING 


Abstract 


Observations were made the abundance Bacterium globiforme Conn 
three soils that had been subjected different fertilizer treatments. was 
found that the organism was numerous soil low fertility which had been 
cropped continuously for years without application fertilizer plots 
greater crop-producing power receiving farmyard manure and artificial fertilizer. 
Freezing the soil under field and artificial conditions had significant effect 


the numbers the organism. 

From the soils, 110 cultures Bact. globiforme were isolated; ten strains were 
studied detail. All showed characteristic metamorphosis from rod coccus 
though variations cell size and time-rates change were observed. The change 
shape not merely shortening the rod until the organism becomes 
spherical, but involves swelling the rod followed fragmentation leaving 
ovoid bodies which become cocci. 


Introduction 

For many years has been the intent and hope soil biologists correlate 
measure certain soil constituents and fertility some microbiological 
method. Some success has been achieved such directions the estimation 
available phosphorus the Azotobacter soil plate method Winogradsky 
and Ziemiecka (10, 11) and the Cunninghamella method Mehlich, Fred and 
Truog (8). method for indicating soil deficiencies, particularly potash, 
depending the growth Asperigillus niger, has been extensively used 
Niklas and associates (9). 

The narrower and more fundamental question relating any one type 
organism soil fertility general was left open until Conn (3) isolated from 
fertile soils type bacterium which found absent from two less 
productive soils. The organism, Bacterium globiforme (classified Bergey 
(1) Achromobacter globiformis), has very interesting morphology. 
24-hr. culture agar slant appears short rods about 0.6 0.8 
long, but the culture ages the cells become spherical until the culture has 
the appearance micrococcus. Not only was this type organism missing 
from the two soils, Volusia silt loam and Hoosick coarse sandy loam, but 
growth could obtained when the organism was inoculated into sterilized 
samples the soils. soils were decidedly acid, but the addition 
suitable carbon and nitrogen sources well lime was found necessary 
produce growth Bact. globiforme. Conn suggests that the inability 
these soils support growth Bact. globiforme associated with their 
relatively low productivity. not implied that this organism necessary 
for the good growth plants but that generally crops cannot thrive soil 
deficient the substances required for the nutrition Bact. globiforme. 
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Further work was carried out Conn and Darrow (4) the same two 
soils. Samples the soils were sterilized and treated with many different 
carbon and nitrogen sources, separately and combination. suspension 
Bact. globiforme was added, the soils incubated and the prevalence the 
organism estimated roughly direct microscopic examination stained 
soil smears. Growth the organism was obtained the addition 
ammonium salts, nitrates and certain forms organic nitrogen. The authors 
concluded that although the total nitrogen the soils was high, available 
nitrogen was lacking. growth Bact. globiforme was also obtained when 
simple non-nitrogenous compounds such hydroxides, sulphates and phos- 
phates were added the soil, was supposed that such compounds rendered 
part the unavailable nitrogen available for the use the bacteria. 


later work Conn and Darrow (5) measured the efficiency Bact. globi- 
forme breaking down glucose and sucrose and also studied its nitrogen 
consumption. was found very economical user sugar and that 
90% the nitrogen supplied was utilized cell substance. direct loss 
nitrogen was evident. The authors conclude that Bact. globiforme retains 
the soil nitrogen which has been converted into soluble forms other 
organisms and which otherwise would have been removed drainage 
utilized plants. The morphology the coccus-forming rods and their 
relationship other soil organisms discussed. These coccus-forming rods 
which Bact. globiforme the prototype, previously included the ‘‘puncti- 
form-colony-forming are considered represent large proportion 
Winogradsky’s (indigenous) group. 

The work the subject summarized briefly the following points: 

(1) That there exists fertile soils type organism having the unusual 
physiological property changing from rod form into coccus form. 

(2) That although the organism not necessary for the good growth 
plants more abundant good soils than less productive soils. 

(3) That the relation the organism soil fertility based mainly 
the available nitrogen fraction present. 

These findings are extremely important. there does actually exist some 
easily isolated organism whose presence absence soil indicates, even 
some degree, the crop producing power the soil, will aid differentiating 
types soil, the soils scientist will have hand new method for soil survey. 


Experimental 

The observations here reported were made the course study the 
incidence various types bacteria three soils that had been subjected 
different fertilizer treatments. previous study (6) the same areas 
had shown differences between soils low and high fertility their ability 
support certain strains Rhizobium and Azotobacter. The chief finding 
was that the relative numbers Rhizobium meliloti were consistent with the 
crop yields all three soils throughout four-year crop rotation. Later 


| 


342 CANADIAN JOURNAL RESEARCH. VOL. 15, SEC. 


investigations, dealing with qualitative study the microflora whole, 
showed the presence Bact. globiforme all soils and special attention was 
given the incidence this organism the areas studied. 


The soils used the work were taken from plots sandy-loam area 
supporting rotation clover, oats, mangels and timothy. The experiments 
were started following the crop timothy and one case following mangels. 
The plots had received the following manurial treatments for the previous 
years. 

Soil N—No fertilizer. 

Soil X—15 tons farmyard manure, applied mangels. 

Soil Y—-100 nitrate soda, 300 superphosphate, muriate 
potash mangels; 100 nitrate soda oats, clover and timothy. 


The soils contained approximately 0.11%, 0.16% and 0.13% nitrogen 
respectively and had reactions slightly more alkaline than 7.0. 


Composite samples were taken from the in. layer two occasions 
the autumn before the soil was frozen, and once February when the soil 
had been permanently frozen for approximately three months. Part the 
second sample taken the autumn was frozen refrigerator for 
two months and then re-examined. 


The soil was well mixed, sifted and plated once. the first experiment 
plain gelatin medium used Conn was employed; but gave such low total 
counts was replaced soil extract agar prepared according (7). 
Plates were incubated for days 28° (gelatin for days 18° C.). 
provide quantitative data all colonies representative sectors plates 
from each sample were picked off for morphological and cultural study. After 
hours’ incubation subcultures were examined and gentian violet prepar- 
ations made from any showing growth. After further four days’ incubation 
the cultures were re-examined, the morphology the organisms the two 
different times compared and all cocci-forming rods separated for more 
detailed studies. 


The ability the organisms utilize dextrose, reduce nitrates nitrites, 
and liquefy gelatin was determined. findings was noted that 
more often than not the buffer action the medium masked the appearance 
acid production dextrose broth. order determine the production 
small amounts acid without the use purely synthetic medium, 
weakly buffered semi-solid soil-extract medium containing glucose was 
substituted. semi-solid soil-extract nitrate medium proved satis- 
factory for the determination the production nitrite. 


Incidence Bact. globiforme Three Soils 


From the four samplings 110 cultures cocci-forming rods were isolated, 
all which were identified types Bact. globiforme Conn. The approxi- 
mate calculated numbers per gram oven-dry soil are shown Table 
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together with the crop yields the corresponding plots for the previous year, 
and average yields for years. From the data there indication any 
relation between the incidence Bact. globiforme and the productivity 
the soils question. found that greater numbers occur after mangels 
than after timothy, which suggests possible influence the crop the 
abundance the organism. globiforme comprised larger percentage 
colonies from the tap water gelatin plates used the first sampling (Sept. 25, 
1936), indicating that this medium more selective for this organism than 
soil extract agar. 


Among the 110 cultures, several different strains were found which were 
differentiated from one another their action dextrose, reduction 
non-reduction nitrates, and some cases the production pigment. 
Some the strains were isolated one two occasions only. Conn (3) 
noted several different strains, some which also appeared only once 
twice. His most common strain described Bergey (1). The description 


Achromobacter globiformis (Conn) Bergey al. (Bacterium globiformis Conn): 

Short rods, 0.4 0.6 0.6 becoming coccoid older cultures. 

Gelatin stab: Slow crateriform liquefaction. 

Agar slant: Filiform, flat, smooth, soft, translucent, glistening, with charac- 
teristic sheen. 

Nitrates reduced nitrites. 

Dextrose, sucrose, mannitol and, less readily, lactose are used sources 
carbon and energy when grown synthetic media. 


comparing the 110 cultures isolated, was noted that Conn’s most 
prevalent type, described above, was certainly not the most common. 
All the 110 cultures showed crateriform gelatin liquefaction, although 
there was considerable difference the time taken liquefy. Sixty-nine 
cultures produced acid from dextrose, the rest showing change slight 
alkalinity. Only reduced nitrates any degree whatsoever. Table 
shows the distribution cultures according their action dextrose and 
nitrate. 

TABLE 
ACTION NITRATES AND DEXTROSE 110 Bact. globiforme 


Nitrates reduced Nitrates not reduced 


Acid from acid Acid from acid 
dextrose from dextrose dextrose from dextrose 
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Comparison Different Strains 
More detailed study was made ten strains which showed different 
reactions dextrose and nitrate were chromogenic. Tests were made 
their ability ferment different carbohydrates added concentra- 
tion semi-solid soil extract medium. The results, shown Table III, 
indicate considerable variation the reactions the various strains. 


TABLE III 
REACTIONS TEN STRAINS Bact. globiforme 


Acid produced from 
Chromo- Nitrate 
genesis Dex- Lac- Mal- Suc- Man- 
trose tose tose crose nite 


Culture 


= 


= 


NS 


Morphological comparisons were also made nutrient agar slants incubated 
28° four different periods—17 hr., hr., hr., and days— 
gentian violet smears were prepared from the cultures and examined. Initial 
and final cell measurements were made and the percentage cocci present 
the four periods was noted. 

From Table can seen that there was very little difference cell 
length the beginning the experiment but that there was considerable 
variation the size the cocci the sixth day, not only between different 


TABLE 
PERCENTAGE COCCI AND CELL SIZE DURING GROWTH TEN STRAINS Bact. globiforme 


Cocci present culture 


ulture 

Mean cell hr. hr. Cell 

1.8 100 100 100 1.0 
1.4 100 100 0.8-1.0 
1.4 100 100 1.0 
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strains but between individuals the same culture. also apparent that 
the rate change from rods cocci varies considerably with the strain. 
Strain XM51, 80% the cells present were cocci after only hours’ 
incubation, whereas Strains and had only 40% and 50% cocci 
present respectively, after hours’ incubation. 

The metamorphosis the rod the coccus most interesting and 
striking example pleomorphism (Plate Figs. 1-6). Conn (2, described 
the change merely shortening the rod until the cells become spherical, 
but from periodic examination the cultures during their metamorphosis 
the process would appear less simple. The rod generally becomes 
granular and begins distend, usually one extremity. The swelling 
continues until the rods are club-shaped and bent, after which the remainder 
the rod breaks away leaving almost spherical body with faint tail 
(Plate Figs. and 5). Later the tail disappears and the cell has the appear- 
ance perfect coccus. 

Discussion 
Conn’s discovery the existence the soil group organisms, 
which are rod-shaped young cultures and later change into cocci has been 
confirmed the isolation more than 100 cultures this group. 
can divided into several different strains Bact. globiforme Conn. 

far the soils question are concerned relation has been noted 
between the abundance this organism and the productivity the soils 
which were specially chosen reason their difference crop-producing 
power. true that the poor soil (N) used the experiment differed from 
the Volusia and Hoosick acid soils with which Conn worked, and hence 
more than possible that the absence Bact. globiforme may confined 
unproductive soils definite types. Conn (3) himself has observed that 
soil low productivity (Dunkirk fine sand) good growth this organism 
could supported. 

Conn and Darrow (4) suggest that fundamentally the growth the 
organism dependent the available nitrogen present, and that poor soils, 
lacking available nitrogen, fail support growth. experimental 
evidence, such the facility the organism multiply when there are added 
the soil easily-available nitrogen sources, certain hydroxides, sulphates, 
carbonates and phosphates which are claimed make the soil nitrogen 
available, would tend support this view. However this the case, mere 
steam sterilization alone might expected release sufficient available 
nitrogen for the needs the organism, though point fact growth was 
obtained such treatment. Conn and Darrow also suggest that the nitrogen 
may unavailable because being adsorbed the soil colloids, but 
steam sterilization soil has such drastic action the colloids may 
doubted whether this supposed phenomenon related the growth Bact. 
globiforme. Types soil, such those used Conn, which have high 
nitrogen content and whose chemical analysis suggests high productivity, but 
which, view crop-yielding power, are actually poor soils, are common 
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Bact. globiforme (Str. NM4), 12-hour nutrient agar, Gram stain, showing rod 
stage. X1150. Bact. globiforme NM4), 24-hour culture soil extract, Gram stain. 
Intermediate stage, showing formation coccoid bodies from rods. X1150. Bact. globiforme 
(Str. NM4), 6-week culture nutrient agar, Gram stain, showing cocci. Bact. 
globiforme (Str. 12-hour culture nutrient agar, Gram stain, showing rod stage. 
Bact. globiforme (Str. NG53), 24-hour culture soil extract, gentian violet stain. 
stage, showing formation coccoid bodies. X1150. Bact. globiforme (Str. NG53), 
60-hour culture nutrient agar, Gram stain, showing 
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certain areas eastern Canada. therefore hoped pursue the investi- 
gation further and study more closely the factor factors which affect 
the occurrence and growth Bact. globiforme soils low productivity. 


not intended this time discuss the relationship Bact. globiforme 
the so-called autochthonous group organisms the soil but worthy 
notice that this type organism represents some 10% the organisms 
which are capable being isolated plate-counting methods and less than 
the total cell count obtained microscopic examination. Bact. 
globiforme and its variants are easily isolated group soil organisms, 
owing the rapidity growth nutrient agar and the fact that they 
represent the largest group gelatin-liquefying organisms present plates 
from soil. That Bact. globiforme resistant cold indicated the fact 
that appreciable decrease numbers was obtained sample held 
refrigerator for two months from samples which had been frozen 
continuously the field for approximately three months. 

The morphology the organism even more interesting than previously 
described and its elementary life cycle makes worthy more intense study. 
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STUDIES THE BIONOMICS AND CONTROL THE 
BURSATE NEMATODES HORSES AND SHEEP 


IV. THE LETHAL EFFECTS SOME NITROGENOUS FERTILIZERS 
THE FREE-LIVING STAGES 


Abstract 


The effect ten the commoner nitrogenous fertilizers the free-living 
stages Sclerostomes, discussed. Urea the most lethal. Under the con- 
ditions the experiments, which are otherwise ideal for the survival the 
larvae, one part urea 125 parts fresh horse feces necessary sterilize 
them. The proportions the others tested are: Calurea, 80; powdered 
cyanamide, 50, with granular cyanamide slightly lower; potassium nitrate, 
sodium nitrate and Calnitro, 20; calcium nitrate and diammonium phosphate 
(dry medium strength solution) 1:17; Nitro-chalk, about 1:16 (but 
should not used strong solution); ammonium sulphate, 14. 


When urine not available sterilize feces against the free-living stages 
bursate nematodes, the next most economical group chemicals use 
will probably prove artificial fertilizers, since part, all, their value 
should recovered increased fertilizing value and increased crop yields. 

This paper reports the lethal values ten the more common nitro- 
genous artificial fertilizers, viz., 


Urea Calnitro 

Calurea Calcium nitrate 
Calcium cyanamide Diammonium phosphate 
Potassium nitrate Nitro-chalk 

Sodium nitrate Ammonium sulphate 


Tests with few other nitrogenous chemicals will described subsequent 
papers: these will include calcium cyanide, ammonium carbonate, ammonium 
chloride, ammonium sulphide, ammonium nitrate and chloropicrin. 

addition considerations the relative cost the fertilizers, types 
land and crops for which the treated feces are used, the fact that 
some fertilizers chemicals, when mixed with feces, caused loss nitrogen 
free ammonia must remembered when decision being made 
which the most economical sterilizing agent. Loss nitrogen most likely 
occur through chemical reactions when alkaline fertilizers are mixed with 
manure; loss may also occur through bacterial action. 
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All the fertilizers mentioned above were tested for loss ammonia 
mixing one part the chemical with parts fresh horse feces, and 
incubating them under similar conditions the other tests reported this 
paper. The temperature was 2°C. and seems legitimate assume 
that decomposition would comparatively rapid. The fertilizers were 
examined for the presence free ammonia after three and seven days. 
greatest loss was found occur with urea, Calurea, and cyanamide. 

Few data are available the chemical control the free-living stages 
parasitic nematodes, and those many are not comparable with the present 
series experiments, because the fertilizers were tested either eggs 
larvae without the presence feces or, tested feces, the criterion was 
the absence presence colonies larvae the side the culture jar. 
The first these would not occur practice while the second does not demon- 
strate the survival few larvae. However, the results obtained 
and Schmid (7) and Enigk (2) with horse Sclerostomes, suggest that 
ammonium sulphate, sodium nitrate and calcium cyanamide, even dilute 
solutions, have some effect. 

The work the control hookworm larvae with artificial fertilizers more 
comparable. Large quantities ammonium sulphate and Chili nitrate have 
been tested China, the rate one part fertilizer three night soil, 
and has been shown that the larvae are quickly killed (1). Italy, 
Penso (14), who has tested calcium cyanamide and other chemicals, recom- 
mends the use calcium cyanamide for sterilizing human feces against hook- 
worms, and also recommends (15) the addition kg. the fertilizer 
sterilize one cubic metre manure against the Strongyles domestic animals. 
Steverel and Berny (18) and Giorgi (3), who used 0.3% solution, agree 
that calcium cyanamide lethal Ancylostome eggs and larvae. 

Newbigin and Morgan (5), investigating chemicals for the control 
the nematodes poultry, found that 224 sulphate ammonia per 120 
sq. yd. was value destroying non-bursate nematode eggs poultry 
runs. 

Artificial fertilizers have, however, been tested more frequently against 
the plant nematodes, dipsaci, schachtii and 
marioni. Unfortunately, the fertilizing effect the chemicals the plants 
has usually masked considerably the effect the nematodes. This has 
made difficult compare the results plant nematodes with those 
Sclerostome larvae, while varied soil, climatic and other conditions tend 
make the results contradictory. Nevertheless, some selected results may 
least suggestive those interested the control the free-living stages 
nematodes. Newton, Hastings and Bosher (6) have shown that urea, 
ammonium sulphate, potassium nitrate, ammonium carbonate and ammonium 
chloride solutions are not rapidly lethal the bulb nematode. Hurst 
and Triffitt (4), found that, weight for weight, urea and calcium cyanamide 
were equally efficient against but that nitrogenous basis, 
calcium cyanamide was the more effective. Small (17) failed control 
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tomatoes with nine ounces calcium cyanamide per square 
yard. Watson (20) states that good results can obtained with half ton 
cyanamide per acre sandy loam, and reports effective sterilization with 
Ib. sodium cyanide per acre which ammonium 
sulphate immediately added. Watson (19) has also shown the importance 
thorough mixing the fertilizer and the soil and, under certain conditions, 
not applying cyanamide solution, but immediately irrigating the 
land. also finds that soils containing considerable proportion 
colloids, three four times much cyanamide necessary control plant 
nematodes. 

The practical possibilities controlling bursate nematode larvae means 
artificial fertilizers manure heaps, based partially data reported 
this paper, have already been discussed (8, 13), has the comparative 
inefficiency these fertilizers against larvae pastures (10). 

interesting note that the three nitrogenous fertilizers that lose most 
ammonia when mixed with feces are the most lethal, while pure ammonia 
water has been shown lethal (12). 

The technique described Part this series papers (11), designed 
allow the comparison the lethal properties various chemicals, has been 
used for all the substances reported upon here. The results immediately 
above, at, and below the lethal point are plotted means block diagrams 
logarithmic scale similar those used Part III (12). confirm 
these results, cultures have been made with greater and smaller amounts than 
those illustrated, but every case they were agreement with the diagrams 
they have not been recorded. 

The conventions described the third Part III this 
series (12) have been followed this article also. 

Because the limited number cultures which have been made and the 
numerous variable factors involved, impossible state absolutely accur- 
ately what proportion fertilizer fresh feces complete sterilization 
against the free-living Sclerostomes takes place. However, study the 
diagrams should indicate the proportion fertilizer which may expected 
prove effective practice, even against Sclerostome eggs the edge 
midden, where conditions for development may favorable the 
cultures. will noticed that each fertilizer was re-tested duplicate, 
not only the quantities which sterilization occurred the preliminary 
cultures, but with smaller and greater quantities, make certain that the 
results were not accidental. However, because the numerous variables 
involved, the differences the scale quantities fertilizer used have been 
left wide. Furthermore, hoped that when study made the results 
obtained, both the lethal and sub-lethal points, indications will given 
how various chemicals groups chemicals act the eggs larvae, 
and the facility with which the larvae may avoid their action when buried 
feces. paper (11) has been explained that occasionally few 
larvae have been counted culture that should really have been negative, 
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either because some eggs were squeezed the side the container when 
the culture was being made and escaped contact with the chemical, 
contamination glassware, which could only washed and not sterilized. 
Sometimes this explanation does not appear valid, because few larvae 
occur more less regularly cultures treated with quantities chemical 
above the apparent lethal point. these cases may indication that 
that chemical very local its action—a most important point practice 
—and not capable reaching eggs larvae that remain inside lump 
feces. Many the gas-producing chemicals have this peculiarity. This 
difficulty should largely overcome using chemicals that are soluble and 
highly lethal weak solutions, allow thorough wetting all feces. 
natively, the survival few larvae may due the extraordinary resistance 
the eggs larvae one more the numerous species which occur 
horses. 

When only few larvae culture survive, seems point legi- 
timate speculation whether, they had survived under similar conditions 
nature, they would able survive the hazards life the host maturity. 
While has been absolutely impossible attempt any infection experiments 
with these larvae, has been possible keep some these cultures for 
few months the laboratory; some cases, their life does not appear have 
been long that the controls. 


Urea 
Fig. shows the effects urea the numbers and condition the infective 


Sclerostome larvae obtained from gm. horse feces treated with the 
fertilizer within four hours being passed. Urea theoretically 
contains 46.6% nitrogen (16). 

Urea was tested dry quantities ranging from 20% the feces, 
weight. Sterilization against Sclerostomes was effective any culture 
which was treated with 0.33 gm. more; more than 0.83% dry urea 
lethal. Quantities slightly less than this, however, were partially effective. 
solution, urea equally potent. With aqueous solution, effective 
sterilization produced 0.75 cc. more, containing 0.28 gm. urea; 
1.5 cc. effects sterilization; this quantity contains 0.32 gm. urea, 0.8% 
the weight the feces. The results obtained with solution were 
less regular, but practice will probably found that, the equivalent 
rate slightly over 2.0 cc. gm., effective sterilization will effected; 
2.0 cc. contains only 0.23 gm. urea. Five cc. and 7.5 cc. 
solution produced sterilization two the three cultures treated with both 
quantities, while with 10.0 cc. and more the results were uniformly effective 
a1: solution contains 0.36 gm. urea, equivalent 0.9% 
the weight the feces. Since urea was lethal, was also tested 
solution. this strength 20.0 cc. were necessary and 15.0 cc. caused 
considerable mortality. Twenty cubic centimetres this solution contain 
about 0.39 gm. urea 0.99% weight. 
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When 20.0 cc. fluid, even less, added gm. culture, there 
tends some drainage from the culture, and, therefore, some the fertilizer 
may not act the eggs larvae. Accordingly, never more than 25.0 cc. 
fluid was added. 
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trols shown Table after number means that all, practically all, the larvae were 
dead; that considerable proportion were dead; that few were dead. The letters have the 
same significance subsequent figures. 


le 
of 3 
4 033 mO vil. q 
x O33 Foxx 
O33 xx 
cc's oF: t 
e 
: 
RIXXX. 
n 
UX 
Louw 
© Lxxvi 
ast ers 
SOL) 
2S. 
20 fa) XXX. 
> 
On 
7 q 
XXX 
q 
7 0. 41x 
jo. 
q O. Xxx 
, 
q 
4500. C- 
O 
2. 
xxvi. 
| 2c. 


132 CANADIAN JOURNAL RESEARCH. VOL. 15, SEC. 


These figures suggest that one third gram urea gm. feces 
(or 0.83%) whether dry solution, will prove effective sterilizing 
agent against Sclerostomes fresh feces. 


Calurea 
Fig. shows the results obtained with Calurea. This fertilizer, containing 


34% nitrogen, double salt calcium nitrate and urea (16). 
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Calurea, dry, was tested proportions 20% the weight 
fresh feces. The results are somewhat irregular, but suggest that 0.5 gm. 
gm. (or 1.25%) Calurea would effective. With solutions the 
results are also rather irregular; 1.5 cc. solution, containing 0.57 gm., 
and 2.0 cc. 1:4 solution, containing 0.44 gm., approximate the 
minimum quantities necessary effect sterilization. This equivalent 
1.33% and 1.1% Calurea feces. solution one part eight 
water, 4.0 cc. produced sterilization; this quantity contains 0.47 gm. 
1.17% Calurea feces. Ten cc. slightly less, solution and 
solution were effective; both these quantities contain 0.49 
gm., equivalent 1.23% Calurea feces. The results obtained with 
these cultures suggest that 0.5 gm. gm. feces 1.25% Calurea 


would effective fresh feces. 


Calcium Cyanamide 

Fig. illustrates the results obtained with dry powdered and granular 
cyanamide. Fig. illustrates the results with powdered cyanamide 
“solution”. Calcium cyanamide marketed two 
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Fic. Results tests with dry powdered, and granular cyanamide. 


the use nitrate lime binding material, and obviates the difficulties 
handling, which have been disadvantage the pulverized form 
artificial fertilizer. Since this substance may toxic plants, especially 
seedlings, during the early break-down processes, freshly treated manure 
should not applied land immediately before seeding. The usual reaction 
soil for this fertilizer transformed urea and then rather slowly 
nitrate. Moisture hastens the process. The sample powdered cyanamide 
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which was used these cultures contained 22% nitrogen and 70% calcium 
hydroxide; the granular form contained 21% nitrogen. (The results obtained 
with various compounds calcium, which are comparatively ineffective, will 
included the paper non-nitrogenous fertilizers.) Granular cyanamide 
was not tested solution, since required obviously 
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powdered cyanamide were tested, spite the fact that they have the 
consistency mud, and would quite useless practice owing the 
impossibility thoroughly mixing with feces. 

The results obtained with granular cyanamide were rather more irregular 
than those produced the powdered form, but indicate that 0.75 gm. 
dry powdered cyanamide and 1.0 gm. the granular form are approximately 
the quantities necessary sterilize 40-gm. culture, equivalent 1.9% and 
2.5% fertilizer feces. 

and the same quantity solution had mixed with gm. 
fresh feces kill most the Sclerostomes; 5.0 cc. these two solutions 
contain 1.9 and 1.1 gm., equivalent 4.75% and 2.75%. 
cyanamide-water solution was effective, while 7.5 cc. even 5.0 cc. 
caused high mortality; 10.0 cc. contain 1.2 gm., equivalent 3.0%. 
The interpretation the results obtained with and solutions 
also difficult. inferred, however, that smaller amounts cyanamide 
are required with these weaker appears that cc. the 
quantity solution required cause almost complete sterilization 
with regularity. This quantity contains 0.75 gm. least cc. 
solution necessary for sterilization; this quantity contains slightly less than 
half one gram cyanamide, equivalent only 1.25%. 


Potassium Nitrate 

Potassium nitrate saltpetre, the pure form contains less 
than 14% nitrogen. Other potash salts will discussed the paper 
dealing with non-nitrogenous artificial fertilizers. Fig. shows the results 
obtained with potassium nitrate. Dry, this fertilizer was irregular its 
action, requiring about 3.0 gm. effect sterilization, although 2.0 gm. 
almost sterilized the cultures. solution, 5.0 cc. solution, con- 
taining 2.0 gm.,is the minimum quantity which sterilization can expected, 
although smaller amounts were almost effective few cases, and with 7.5 cc. 
some larvae survived. 1:4 solution was almost effective with 7.5 cc.; 
this contains 1.75 gm., equivalent 4.4% fertilizer feces. results 
with solution also were irregular, the three cultures treated with 10.0 
cc. being virtually sterilized, but some larvae survived the cultures treated 
with 12.5 cc. solution contains about 1.8 gm., 4.5%. 
Sterilization did not occur the cultures treated with solution. 
These results suggest that about weight potassium nitrate must 
added fresh feces kill the free-living Sclerostomes. 


Sodium Nitrate 

Sodium nitrate Chili saltpetre, contains 15% 16% nit- 
rogen, nitrate, and therefore, very quick-acting fertilizer. 

addition the cultures tabulated Fig. which show the results 
obtained with sodium nitrate, some cultures which straw was incorporated, 
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were made with this fertilizer, and with ammonium sulphate. both cases, 
the addition straw considerably increased the proportion fertilizer 


necessary. 


Dry, 2.0 gm. sodium nitrate, the weight feces probably 
approximately the necessary proportion obtain sterilization fresh feces 
(although numerous larvae survived one culture treated with this quantity). 
tion approximate 7.5 cc., and 12.5 cc. containing 3.1 gm., 2.3 gm. 
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and 1.5 gm. equivalent 7.75%, 5.75% and 3.75%. However, each 
case few cultures were practically sterilized with lesser amounts. The larger 
quantities solution greatly reduced the number surviving larvae 
and almost effected sterilization. These cultures indicate that dry, 
medium-strength solution, sodium nitrate effective when used the 
rate about weight the fresh feces with which mixed. 
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Calnitro 
Fig. shows the results obtained with Calnitro, fertilizer made treating 


ammonium nitrate with calcium carbonate. contains about 20% 
nitrogen. 

Mixed dry with feces, Calnitro produced somewhat variable results, but 
when the two cultures which were sterilized 1.5 gm. are balanced against 
the one which was not sterilized 2.0 gm., the assumption may made 
that the Sclerostomes are killed when about fertilizer mixed with 
the fresh feces. solution, Calnitro was effective when quantity 
7.5 cc. was used; this contains 3.0 gm. 7.5%. 1:4 solution, 


FO. 
20. [ce] Lxiv 


xvi. 


42000 
Xxxi/ 


400 iV 
225 


HS 
2990 | OO 


250 (6) XXXII 
vill 

25. 

42 LXXX/V 


O.LXXXIV. 


SSA 
HAY] GADD OOK 


cxxiv 

H F200 Cxxiv 

H 39OO, XxXx// 
200. } 2600. 
200 : 
250: 
2so [0] LAXKIV 


Fic. Results tests with Calnitro, dry and solution. 


BRAMS 
° 
40. CX X/ 
103 S00 CxX/. 
3 
1s 3 3 (6) ci 
2a; 18. Cl q 
20 E 
25: 
2s 
fa). 
30 04M. 
30 O XKVA 
+O | 6 (4) xxv 
40 
cc sor 
SOLUTION 
AODEO 
4600. 
$00. 
10.[6) £X/ 
SF 
5S Hho 
OAKKH 
° 
: 
BOO. Cxxiv 
70 fa] iv. 
; 
£41 > 
2XXKIV 
©. KXXI/. 
O £x/ 
4 
Oo vill 
1 
q 
3 


PARNELL: CONTROL BURSATE NEMATODES 139 


Calnitro was more effective, but the exact value its sterilizing effect was 
more difficult interpret. Probably approximates 10.0 cc. containing 
2.25 gm., equal 5.6% Calnitro feces. Fifteen cubic centimetres 
solution was effective, although less caused considerable mortality. 
This quantity solution contains 1.8 gm., 4.5%. The quantity 
solution required sterilize gm. fresh feces probably slightly 
less than this quantity contains 1.25 gm. the equivalent only 


Calcium Nitrate 

Fig. illustrates the sterilizing properties calcium nitrate 
against Sclerostome eggs larvae when mixed with fresh fertilizer 
contains about 16% nitrogen. 
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Used dry, calcium nitrate more less effective the rate 2.5 gm. 
obtain sterilization; this quantity contains 3.0 gm. fertilizer 7.5% 
fertilizer feces. Ten cubic centimetres 1:4 solution, containing 
2.25 gm. effective; this equivalent 5.66% calcium nitrate feces. 
1:8 solution, the results are more irregular, 10.0 cc. sterilizing one 
culture, but 20.0 cc. even 25.0 cc. being necessary for reliable results. 
Twenty cubic centimetres contain 2.4 gm., which 6%. Twenty-five cubic 
centimetres solution considerably reduced the number larvae 
but did not produce effective sterilization. Dry, medium-strength 
solution, calcium nitrate must, therefore, used the rate about 
the weight feces kill Sclerostomes, under conditions which are probably 
not only ideal for the development the larvae, but for the fertilizer exert 
its lethal action. 


Diammonium Phosphate 

Diammonium phosphate contains nearly 20% nitrogen and 
53% phosphoric acid. Fig. shows the results obtained with this fertilizer. 
Other phosphatic fertilizers will considered the paper dealing with non- 
nitrogenous fertilizers. 


Dry, 2.5 gm. diammonium phosphate effectively sterilized gm. 
fresh feces, while few cultures were sterilized with smaller quantity. 
solution, the results were most irregular. Two cultures were com- 
pletely sterilized 7.5 cc. 3.0 gm., but the third culture many larvae 
survived; 10.0 cc. was effective. The and solutions also produced 
highly irregular results. many cultures larvae reached the infective stage 
and died shortly afterwards. 


Allowing for the difficulty interpreting these results, probable that 
containing 1.8 gm., equivalent 5.5% and 4.5% fertilizer feces, are 
the amounts required obtain sterilization. With solution, only 
reduction numbers and not complete destruction the larvae was effected. 


These results suggest that about diammonium phosphate fresh 
feces necessary sterilize the latter against free-living Sclerostomes. 


Nitro-chalk 

Nitro-chalk also product made with ammonium nitrate, with finely 
divided chalk. the nitrogen, which forms 15.5% the fertilizer, 
present ammonia and half nitrate. Fig. the sterilizing action 
this fertilizer against free-living Sclerostomes fresh feces shown. 


The action dry Nitro-chalk somewhat irregular, but the ratio required 
effect sterilization appears about 3:40. solution, the 
quantity necessary appears between 7.5 cc. and 10.0 cc.; the latter 
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12.5 cc. producing sterilization and 7.5 cc. and 10.0 cc. heavy death rates; 
which contains only 1.8 gm., was sufficient produce effective results; 
this figure equivalent 4.5%. The largest quantities used 
solution only reduced the number Sclerostome larvae. These results 
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suggest that Nitro-chalk should not used strong very weak solutions, 
and that even under optimum conditions, among the least lethal the 


nitrogenous fertilizers. 


Ammonium Sulphate 

Ammonium sulphate one the original artificial nitrogenous 
fertilizers, contains about 20% nitrogen. The results obtained with this 
fertilizer are shown Fig. 11. 

Dry ammonium sulphate the rate 7.5% may expected produce 
sterilization. solution, 7.5 cc. 1:2 solution containing 3.0 gm., 
and 12.5 cc. solution—equivalent 2.8 gm.—appear the 
minimum quantities which sterilization regularly occurs (equivalent 
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7.5% and 7%) although some cultures were sterilized with smaller amounts. 
The results with solution were also most irregular, but 20.0 cc. con- 
taining 2.4 gm. (6.0%) appears the least amount upon which reliance 
larvae numbers small enough have importance practice. 
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TABLE 
Fics 1-10 
Average 
isolate 

August 27, 1934 
VII January 1935 21,000 
XVIII May 60,000 
XIX May 13,000 
XXI June 24,000 
XXII June 25,000 
XXIV July 72,000 
XXVI July ,000 
XXXII July 15,000 
XXXIII July 24,000 
XXXIV July 32,000 
LIX December 32,000 
January 1936 27,500 
LXV anuary 11,500 
LXXVI anuary 5,000 
LXXXII ebruary 16,500 
LXXXIV March 12,500 
LXXXV March 31,000 
LXXXVIII March 15,000 
LXXXIX March 26,500 
CIV April 21,500 
CXXIV May 40,000 
CXXVI May 26,500 
CXXVII une 11,000 
CXXVIII une 10,000 
CXXXVI uly 2,200 


‘ 
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Conclusion 


The proportion nitrogenous fertilizers feces shown this paper 


necessary effect sterilization would, general farming practice, too 
high used, all the feces had treated, but well-built manure 
heap, only that manure which was put the bottom, top sides would 
have treated, because Sclerostome larvae are unable survive the 
heat fermentation, and probably the lack oxygen and harmful products 
decomposition, the centre manure heap. 
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